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Abstract of JP2002261024 

PROBLEM TO BE SOLVED: To provide a 
nitride semiconductor epitaxial wafer that has 
less crystal defects, warpage, and cracks, to 
provide a method for manufacturing the nitride 
semiconductor epitaxial wafer, and to provide 
a semiconductor device. SOLUTION: A 
sapphire substrate 1 is used as a substrate. In 
the sapphire substrate 1 , a first nitride 
semiconductor layer 2 is formed on the front, 
the ion of hydrogen, nitrogen, or the like Is 
Implanted from the front and back of a 
sapphire substrate 1 , a middle layer 5 having 
small mechanical strength is formed in the 
sappier substrate 1 , and the epitaxial growth of 
a second nitride semiconductor layer 4 is 
carried out on the first nitride semiconductor 
layer 2. Grown layer structure is epitaxial 
structure having at least one layer, 
semiconductor structure such as pn junction 
and hetero junction is formed, and the layer 
structure and epitaxial layer structure for 
composing one portion of the layer structure 
are achieved. The layer structure is suitable for 
various semiconductor elements such as light 
emitting diodes, laser diodes, light receiving 
elements, field effect transistors, HEMTs, and 
HBTs. 
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[ft 1 ] If 7 r ^ Tmm±izm-cr)m.im^mti^ 
^5 JUL m&.Tti-tm^ 1 ttiii 2 i>zsmfr>m^m^^ 

-tSiS^Ja 1 3cr>\^^i)^ztm<r>mmi^W:i:. 

[ 5 ] ±ie-f ^ :^i7)JT^a;^<oJn5I«E$: 1 k 
e WVXt 1 M e VOTk L , ±l2>f jj-yco K -X 
MSr 1 X 1 Oi5cm-2I.liil x l Qis c m-zUTir-r-S 
if^JS 1 *><^4<oi^-r^i*HclB«<oM-fl:!fe^f*a:b-^ 
^>-A';P'>x>'NOSBt:fir&, 

:?^i^-v;U'>x^NC7)8g3t:^r&, 

6 f,z^ff)m.i\Lwmw:t.\^i'^i^^fv^ x ^ n<o 

[W*«83 ±iEllliMS2:H2 , NH3 ^LK^i^ix 
^'fl:!fe¥«*<a:lf:J'dfi^A';W'>xMc?)IgJ&^rft, 

[fs^Ji 1 0 ] ±Mm-comm^Mw.m<7)mmi,zm 
<^msL^^^imfzmx'±Mi^mm^m\<zLx±sd.-^y 
r^rmsLmm. m^-t^mim9i.ztmcr>m.im^ 

[ft^Ji 1 1 3 ±.tm.<r>mmt lx s i ^c^^i^f^s. 
A 1 ^m<^mmm'&wsLhh\.^\tc u . a i ^c7)^jr 

Cit*3S 1 2 ] ±IB^. IHJlii L;^^m-«7)g>ft!|?jij£^ 



[ mim. 1 3 ] it«Ji 1 ^> 1 2 tcie«<7) i ^-r^u&^cT) 

:^r&-C«jt$^XJt. In, Aly Gai.,., N (x. y 
SI. x + y g 1 ) iOffifigSr^t-^Sg^ktl^^Wcxe:? 

^>'-\r;l^'>x>'No 

[ff^ja 1 4 ] ff^^ 1 3 \>ztm<^mm^mi/ii^x.}^ 

[000 13 

^' x>'NC0S3)i*«ai/fM-ft;!l^^#a: b° rJ' ^ 

[0002] 

fBtr-f^-H (LED) ^l^- 
if^^>f:t-H (LD) ^C0ffiai:>3^L l^^^li^^Hl. 
/ti^. >'^'>h-=^?A'•yr35l«:^#< (3. 4eV) . 

[0003] 

\'-^li^(Om.^X'h^A 1 GaN^I nGaN^ammff} 

m^^^m biz^< m^htzMz^Mmcom^axm^^ 

m^l,zRK>^^9'y^ifi^'ti>. Ztl{i>(r>R*)-^i' 

y yi:^iimzmim^miiimmi:m^^-t^ 1 1 izmi 
[0 0 04] ^:iTz<7)Xo^^m^m^mzmm-i> 

fzMZGaiNmiRcr>mm^{i>tlXjS*). i^ia^jET 
T'G a NM^m^i^fS.-t^Mi^'KSm ( S . P o r o w 
ski et al, J. Cryst. Growth 
178 (1997) Pi 74) ^-9-7r-f^^±tCH 

vpEmT^summm.<r>mm^m^^^fzm. ^yr 

rSfl^SrlX 19 ^< C: i: J; oT G a NtOg It^^^aS 
«Sr#^:fir& ( M i c h a e 1 K.Kelly et 

al, Jpn. J. Appl. Phys. 38(19 
99) Pt. 2. No. 3 A. pp. L2 17)^c7):^r 

[0005] L*>L. iSiai5ffi^{i@Sffi-b;l^4'TieS 
fSMtfi^^htl^tiib^ #^>iX§GaN#iSa<0-9--f 

h*>'^fS{;:i«<, mm^xit^\'\ HVPE (y^-^ 

K^ffl^:^^: Hy dr i de Vapor Pha 

se Ep i taxy ) X-lf^r-fTS^^dlJgGa 

^mmi:^M^-th:f}miiJ:<ommmx'ii$>^tK zco 
^X'ti^^xmi^^^ 0 ^ < , -^yr-f rmmcomm 
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[00061 m.^m^Wcr>:]^^':^^^^y^^JU^^CO^ 
^0!»tt^T%-t:-r-i) . Wt;: I n G a NTii-l^OitS 

[ 0 0 0 7 ] m^Bxmimmir(7)mm^'^mm. 
[0 0 08] zconmttx. M!R^^^^J:-l.^T7;^ 

Ijl^^^immttzELOm iO. H. Nam et 
al, Appl. phys. Lett. 71 (199 
7) 2472) ^FIELO^ (A. Sakai et 
al, Appl. Phys. Lett. 71 (199 
7 ) 2 2 5 9) m^m%^tLX\'^^ti^. \>^tfziZt^^BX 

miiio^ ~io7 cm-mt'^v. R^<7)W\miit 

imm^9- 2 2 3 8 1 9^^jiimizm^^tix\^i> x o 
s i mi<7mm^ <0Ti,zwmmL< ttmm<7)-( 

i^-it LxsictLfzsi mm±izm'(m^i>^i^ 
^^■t. ^(Dmcoj^ yi-y^izj^-oxs imi^rm^-t 

[0010] L*^t, :i<r>-nmx\imm^W^<oil^i 

ti'kmm-htiib^zs im&t^<^s i m^iLizmm- 
hs i cm. A 1 Gain^^-^yrmm/mtwmwm 

w ^izmmn-h^^MzX'yxm^Lfzmim^^i'^m 
im^mmmtLfzm^. s is^^x>/^>'i/t3j:-, 
xmi:-t^fzibi,zi,is i cmtm^mmmtcomizs i 
<r>mi:m^'^j:innt^^^\>^ir>x\ mmmt<r>^f^t^m. 

nmai^izm o nt'izmmmitin o coi^mm^^ 
x.tz^mmx'h?>, 

[ 0 0 1 1 ] -ei-c'. ^^mcDsmi. ±siwi.mifm 

d h -2) o 

[00 12] 

[ill)S^:J»^-rS/i«6<7)#S] ±^BWS-^-^-&:t«6 

m,t. -9-7 r -Y TS:^fc|g-OM^t;!B!i^«s® 



[0013] ±IBffi^JciD;t2|s:f6HfliOg'ft;!tl!l^«a:e 
[0014] ±iS«^lCjP;t:*:^BflOg-ft:!Hj^ffci:f 

[0015] ±iS««(c;jni.*56HJc^M'fl:!B!i^*xt' 

[0016] ±ie«^{:Jai.3|s:|&H^oM'fb!K!i4^#:xe 
:J'dfi^^;W'>x^N<^»it:fir&{i:. ^ycoiT*>E^ojn 
3aEmEE5: Ike VJJLh 1 M e VlMTi: t . ^ >^ 
COK— XaS: 1 X 1 016 c m-2ia±l X 1 019 c m-2ijl 

[0017] ±ie«fi£tc3D;t*5iBj<7)g>fb!i^!ii|i«#^e 
^'^i^A';P'>x>'N<oMJt:6«{4. '^3^■vs■JT^a^y^fm 

mz. 'i'mmizwm^^^^ vRx/^n^ v(7)m^i^i^t 
[0018] ±MmmzMt:^^m<7ymm^m:.\^ 

[0019] ±iE^^(wJ[l;t*^B3c7)M-ft:!^^#a:U 
;5'^i^^;P'>xyNiOSit:^{4, mm^Hi , NH3 

[0020] ±iB«i«t:ini.2|c^BB<oM'fb!H!i^«cxtf 

[0021] ±immzMx.:^mm(7)mitm^i>^\^ 

cr>mmizm<7)mm^!& 'onnfzmx'^^mi:mztx'^ 

yr^rmwLtrmm. m£Lxtx\.\ 

[0022] ±immzMx.:^^mcomim^mi:\^ 

[0023] ±Mmmzisax.:^^m(r>m.'im^tto:.\^ 
mitm^i^mcommizn'ytz^y r ^ Tmm.<r>-ui 

[0024] *l|HflcoM-fl:!H!l^#:xt*^^ j^A'/t-'^x 
^^\t±Si\^'nxi)^-^mX'^^iXfz. In, Aly G 
ai.,.y N (x, y^ 1. x + y^l ) (Dm^^^-th 
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[0025] *^HJc7)af£^#:f^y<^ Xti. ±fEV^-ril*» 
(DjjmX'mt^titi. In, AlyGai.,., N (x, 
1 . x + y ^ 1 ) </)m^^:^-r^^i\LWmi^:^^ 

[00261 :^^mimmizm~cr>mitmmi^mt:m 
&Lfzv-yr^Tm^(Dmmtrziimm^^t^yi<.m. mm 

=f. m^^^vyy'Jx-^. HEMT 

yyi^X^ ) . H B T {^y-vim^^M h v 
[ 0 0 2 7 ] i/i , ^ VfI*>a^?<-f^O««R{ci{t3!i!ia^ 

wmw.m<n-^\.zh^Mzm,'>fz^y r^rw^^m 

[00281 

[00291121 (a)-(f) \t^w^<r>mm^ 

[ 0 0 3 0 1 -9-7 r T«m 1 (^m^z'm-(nmcW(^ 
mm2,^ye^\^fcmt.^^mth (ni (a) ) . 

[00311 W^<7^mt.t:\t^ti'to.^yrArW^ 

>f:tyff*>2.^^«3€:?^^-ri> (01 (b) ) , 
[ 0 0 3 2 1 :^ yfi%ih?*-m 3 *i?^^$fL;t«M{3flft 

m^^m- (HI (c) ) , 

[0033] SftMS*<*^Tt/cafi?iO^-(7)m!I%i|^# 
mi 2 cD±lc^-<7)M'ft:!|lJ^#f<sii4 S:xb-^^i^-s>;l^ 

[0034] ^m-hmmmt'if^£< 1 1 1 Jioxu^' 

l^-- S-^mh^yS^'X^, H 



3.;^^® 3l4M'ft!fe^«siSa<7)^:R4'lcJlBI&$^i.-g. i: 

i bond^tm^^^i^so I {immL^zm&^si 

^^^^■^tZ'^3.^\)<r>Wmm{K. J. Aubert 
on-Herve et al ^-^tfJlSf 6 ^-f- ( 1 9 
97) 29) c?)-^J:Jia{4[5lt-CS).S.. -I^Od^^ KJf 
5{4S^c7)iKJR, MW^m**ft<, ^^-y^J'^^O^cT) 

[0035] 3|5^r^-CfflV^^>n^S1R«, 

Mx.{f#IH¥9 - 2 2 3 8 1 9-^^fgtCgB5K$ilT 

x.\^-?^'^^}V^ aif\^^\,zm,;Lhi}iX'^:^ mi 
(d) ) . 

[0 03 6] §ic>t:. c:co4?>f h'Jl (35>SVM4r^;W7 

rXii) 5{im-i0^'fb!i%^«s^^2^7r^r» 

« 1 (n>m^^B^\,z)t^mmmzm\.^fzih. m.m^'^mm 

yrA rmm i Hi^tommt?, c: *«-e# -s. , 
[0037] z<r)mmimit. mim^^t^i^^^mM 
i&mx'coMmzx?,ufmm. h^^^t^<^m<7)m!im 
izmm. mmij^^commi^j^"/ h^z J: :i>mm. ^a-y 

-mif^mx%h (01(e)), 
[0038] mm\^tz^-<^m.^wmwmAa:>^\,z 
tftMzm-^fz^y r -i r^u^mz. t.tzki^xmm 
m<7^-imi>z i ^ xm^-tixM. ±u^xy ^ -y h ^ a a 
s-f^:!}%^f*xt^^^^/^;^'>x>'^4S■^^^#^ii: 
3&«-c-#i> (01 (f ) ) , 

^f*: 2 -9-7 r ^ TKK 1 i; <0#ftiJ3gll{C J: o T»fiR 
[0039] ||-c7)a*i4. m-C0g^t!B!l^^f*:il2^ 

mmt: 5 u mi^xtcom^iz^h t . m—comimis^^i^ 
m 2 (Dmmcoi^^^Bimz^'^ tzt ^x^y r^rm 
m 1 3j-yfrt>a^^$'fird ttmmiz^^t^t^x 

[ 0 0 4 0 1 >f :t:^iT*>a^Ojna«ffi* ike VJ^Lh 

mmm<^m^m^S:mzu-:>tzibxhh, ik 
evarxit'pmmscDm^^tihm.mijm-t^'x. m 
umm<7)mMi^i,zmmwi:^t^ , ^fii: tij^t^ 1 m e 
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[004 1] H-XM^ 1 X 1 Oi6cm-21jLt.l X 1 0 
I o h'-XM*i 1 X 1 015 c m-2JJiTT'{4;i^-< KcOll^ 

■r-s<^fc*>^+^-es>s. H-x»*n x 1 019 c m-^ 

JjUilc^rl.i:, rTm^^*'f J^->'3&«^«?«®^0lSS^=:-¥■ 
[0042] mz:^^BMcom'{tm^i^:i^\^^^z^-^fi' 

[0043] 

[HM^] (mfimi) 

(1) -9-7r-f (i£@5 Omm. JP§0. 3 3m 
m) tCMOVPES (^r^^amffl^:^}*) ^ffll^TG 
a N^ig^jiSr 2Mmcr>m^ t;ixf i^^/W^K^S^-tJ: 
Jt. ^:Rr{i«M«ffiMOVPEr$-fflV\ JSilsti: LT 

mmt:7iimmm.x'i i oo°ct;rjiiii!iL. aHcogt-fLti 

{ft. GaN®Sr2 0nmi0if:${C^S$-li:. 
^iSJ^Sr 10 5 0 °CtC±{fC G a NiiSr 2 m<7)U $ 

(2) (1) COGaN^MaeM3&»4.'9-7r^T«fi^*fc* 

m^^^yfj-h'^^-th. -eo^m4h'-x»^ i x i 

Oi7cm-2i:L, ijamMEi 1 20keVi:L. GaN 
#iSSili:<0^ffl*»^>*<70. 5/zmcO«$tcJl$0. 1 

(3) *S$:lT*>Ji^^'GaNxe^^>'^;^^;R«:^« 

(4) (3) •C*^^:JT^a^^*GaNx^f:?=^f>'A';^JR:R 

* ^S: r y^-rnH^tf . 8 0 0 -cf 3 0 :5i-rafi{^*aa 

(5) (4) -C^aco^Tt/^GaNXf^^i^^yP^* 
mWUtiz. HVPE^S:fflV^-CGaN#iS^«Sr3 0 0 

Sia{4«IM^EHVPE^t'$)^;t, mAtLxry^ 
~T:^XRX/^m GatHCl^Xi:S:850 'CT'^JiG 

$-<tTt#<^>ii7t:Gac 1 nm<Dmmm{:n^fz 



{4*S;<fx?rffli^^c. B^iRiaKlil 0 sec. ^^Rjitg 
iiSOjum/h-efc-l). 

(6) (5) cOXf^-dfi^A-yU^^i^Tf^, «:liag*»<bM 

yT-(Tmm^!^mizMmttz. Ga.^ M^^^^mc^mm 
izh-fiiHzm^ti^yr-frimmLxm^-rhzbiz 

(7) (6) Tmi^tif:inmG siN si-Mm^mimms 

0mm. II$*<J3 0 0)wmiOi|^&3SBB<?5t<OTS>'5, ^' 
(Slifefl?IJ2) 

(1) ff:7r'fTS« (11^5 0mm, 1?§0. 15m 

m) tMOVPEa$rfflV->TGaNmfe^B®?r2)umcO 
/J$fcxb'^dfi^^;l^Bg;g$-ii:/::. ^^a^tcliSlffl^ff 
MOVPEr2rfflV\ m.mtLXry^-T:^XthV 

1 0 O-CtcJp^X. l§B<7)S^'(t;!|%^S:^ o--y^L 
^. i^V^T^RiagS: 5 5 OriCTJfTGa NS* 2 0 

nmC7)J?$lc:^^$-^, $'^>{C:SflRiaK£'l 0 50X:tc 
±lfX G a Nil 2: 2 u m(7)m^iZ^^^-^fz . 

(2) (1) co^yT^TmRm^^(y^yr-(rmm'piZ7i<. 

m^-(:^yfThjL^'t&. -5-0^m±H-XaS- 1X1 
Oi7cm-2tL-, JDj$«E^ 2 0 OkeVi: GaN 
*^H^Bili:c7)^H*»'i>*«70. 5/zm<7)^StCi¥$0. 1 

(3) *S^iT^S=^^t'GaNxe:J'df5^A';^^£:g»«^^ 

(4) (3) *3gS:fr*>Ji^Jt'GaNxb':J'^i^^;^^^ 
K^r>'*-r#H^4'. 8 0 0'CT'3 0t«-||{i«nSL 

S^ti^ci:^^, ^^Miimm:^^^ \^<7)^WL^Lti 

^^-i ¥mtz^^x\>^fz. 

(5) (4) X'mm<r>^TbtiGaNai\^^^i^-cf\,^M 
mm±l>Z. HVPE&$rfflV^-CGaN#^rB«Sr3 0 0 
x«mcoJl${cxb:J^df>-v;P^;R$-ti:7^c, ^^^tffli^Jt 

mmi±m^&iivPE^X'$)^, mmt txry^t- 

rfJXSCLf-^B,G ai:HCl;yxi:i&850 •CCKIB^ 
•t*-Tf#^ix;;tGaC 1 ^fflv\ nm^0^1SSr^#■S.7ti6 
{CS i Hz C 1 2 SrPimcSEL/i. 'J T^yxtCJiTK 
^^X^fflV^;t, fi£;R«ag{41 0 5 0°C, ^^iS^KtiS 
O/xm/h-C'fc-S. 

(6) (5) c7)xe:J'#i^A';U^:R||Tf*, fi^*iaK*^^>^ 

i^^umzmm. . g a N#MS®<7)^fci5-r*Hc« 

o7t-*f7r^TS:gfSLTK5*-r§^i:fcJ:0. nMG 
a N ^±M.^^m'\^hiVfz « 

(7) (6) T'#<i>n^^nSGaN@±#|g^:^{4it@5 
0mm, JS$*!;3 0 0/xm<?DiSfejgBJot<;5T-&0, 
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7 y ^^K0<?5^<i!IV^t<7)'CS)O3t. 

immms) 

(1) IISfi^J2-Ci#^>iX/v:nSGaNi3tmiSfi««^±lC 
MOVPE^CJ:oTll2tc:^-rJ:d=5:LD<iiiSr?^^ 
bfz. Il2l4iai ( a ) ~ ( f ) iZ7jkLtimklTmt:m 

(2) L Dmmti. G a N &iL$m^i& 1 0 mi)^{i>miz 

S i V—y°Ga.N/^'yyrM (i?$2>um. n = 5x 1 
Oi7cm-3) 11. S i H-TA 1 o,o7Gao.93N^^ 
•yh'Ji (J?$l. O/xm, n = 5X 1 O'^ cm-3) 1 
2. Sib*— rOaN SCHJi(J¥$0. 1/zm. n 
= 1 X 1 Oi7cm-3) 13. ryH-rino.z Ga 
0.8 N/I no.o5Gao.95N^M^#FJi (/i$3n 
m/J?S5nmX3) 14. Mg h'-TA 1 j. 2 Ga 
0.8 N:t— 7n— R&itJl (/I$2 0 nm. p = 2x 
1 Oi9cm-3) 15. MgY-y°Ga.N^j2M (J»$ 
0. l//m. p = 2xlOi9cm-3) 16. Mg H— T 
Alo.o7Gao.93N:J'5 yKJi (l?$0. 5;um. p = 
2xl0i9cm-3) 1 TaifMgH— TGaNrJiX^'^ 
h®(*$50nm. p = 2X 1 Oi9cin-3) 18t)>^ 

(3) pWcH^-fx.y^y^^tc:iOili4jLtm. ai$0. 

'J -y i-'±gB{;N i /A u«ffi2r0figL . pS^- 5 -/ 
^'mSl 9i:L^^, SfficOGaNgii^^SafiKl OfflO 
tCfiT i/A 1 mffiSr^Hli^^L. nM5j--5 <yi?m 

fli2 0i:Lyt. $ ^tCW^BtCT i O2 /S i O2 

T^N'-f X b Lxco LDm^T-m^i^tit:, mTmt 500 

(4) C:c7)LD^^JCji«-r.|.fciOffi«8iE?&JS4. 5kA 
/ c m2 T'S> 0 s i^fflmffi 5 . 5 v-emifl^fg^ t 

^{i^ia2 5x:r-. 3 0 mwigun^tctjv^T 5000 

(5) $ (:>iZ:i^^mi,zX:^^±mH±R'Oi)m\^±l>Z^y 

r^TmLkizLDwm^m^ttim^izit^xmmtfi 

(1) mnm2<r>(l) ~(4) 'C#<oil^GaNxe:J'dfi^ 

(2) LEDffiitti. mLm^^(>mtZSi H-rGaN^? 

{W$3;um. n = 5 X 1 0^7 c m-3 ) 3 5. 
ryK-rino.2 Gao.s Na^#F®(3nin) 3 
4. MgK-TA lo.2 Gao.8 N;7^-y h'« (U$ 
0. 5x«m. p = 2xl0i9cm-3) 3 32ayMg H- 
TGaNnyrJ':?' hJl (ff$50nm. p = 2xi0i9 
cm-3) 3 2*>4>=5:-l.. 



(3) ^i^L^cLEDxe^dfi^A'/P'^xM^McN i/ 
Au®SrK3£^«L. -ec7)N i/Au®O±ti£f55 0 
mm. m^O. 2mm<7)A l^Srfll^tf. S*#H 
MT6 6 0'CT'iK«L:t, Wmi^Tm. '!7x>'NfflIM*>^> 
c7)SSi^'x <y h tC i r> T ^'^Jl*^ (^-If 7 r ^ T^flRi T 

EDX.\:^^i^^jV-^x.y\cr,. A iaMi:K>ft{Dlc:Ti 
/A IfifiiSrJ^^LJt. icOLEDxbr^'df-i^A'^P'^x 
^NS:ia3Jc*t-o Il3(i:lll ( a ) ~ ( f ) tC^^LfcS 
jt:6«Sr®ffl L/iG a N B±Mm^m±izm^^ixtz 

[0044] -^^ri?-^. LEDxf^'ilri^-\';W'>x>'N 
(4. A 1 S^3 0±{;:N i/AuJl3 1 . MgK— TG 
aNJl32. Mgh'-rAlo.2 Gao.s N^^-yH® 
3 3. Tyh--rino.2 Gao.8 N»^#F«34. 
Si h'-7-GaN^'5<y K«3 5ai^nSmSi3 6*SJi 

[004 5] ^c7)J:a^LEDxb'':?^rv--^;^'>x>'^S: 
3 0 OjLtmfttC;<r-y h L. #/o<x;t^>yrcO±TWffilC 
AuV>f^$r;J<:^-r'f i:t:J: 0^liE«tx>'^'^ 

X t LXCOL E D^T*>'#ii,ti/c , 

(4) ^icoLEDm'^izmmLtit^^. ^mmi45 

0 n mT. ^tUMi 2 0m AMW^X'ft^ 7 mWX'h -5 
tz. •^yr-(T±izmm^MLfzl.EDUim^j:^. m 

< . mm^t-fl^ H L/i1fc«-C'^.«S4 0°C. §S 1 0 0 
%. mS£2 0 mAT- 10 0 0 I^ISO^gBimiSM^If o 
^vTi:^^. 1000 B#raa«mt:t3V^-C t>MM5ai:ti{i:^ 

rnvtmbmrnhf^^i}^-^ rz. 
(^m) iMLfzmmmximut Lxmmi,zm^m 
^f^m^mmLti^yr>(Tmmt:m\'\ fi^atf-r 

:fyb LXTiim^ :^yim^^fz^'^^z-:>\^xmmLfz 

[0046] M-ft!|%^«t<7)xf^dr v-A-yP^^g 
^i:L-C{4. MOVPES. HVPE^. MBE&^CO 

tz. mit:^V ^J^^mitT)US.~r7J^m<7)i&W<'y y r 

iiSrfflv^^-gpg^:R&. m.mmi&x'^M^-±i,:ffm. 

1 ■S.tefiffiJSSra-l. E L O^. F I E L Oj£^^<7)a 
[0047] 4'^/1^4<-f h'Jii:t--i.O(4^-c7)g'fl:!i?J 

^*ii(7)^;Riuo#ia4'. fig**, ^^ai*. ^«f^<^ 

m^i^mcr)^^mitkmizm(r)^.>imizx t^t ^ t t 
[0048] ^la® r TSK^lHjRlt- «.:^r 
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[0049] 1^0114 T'Ji A 1 SK^fiS 0#ft/t±-CliiJ 

^mmLfa^mwm. ^<r>mm=t'{f^mr^'z:^\izm. 

[00 5 0] i>I-C. Wh. mm^^<^:s^\i'^^i^ 

h-yfz. z.cmm-^wp.mzmii-thtzihi.zm/m^ 

±t:ESl Ommm^i7)/h$55:toL*»#^>ti=5r*>-5 
fz. tfz. HVPE}STlSWAtm^c7)GaNIgJK$:-9- 

yr^ rm^^iz^M^-^fcik. v-yr-( rm^^m^ 
'tizbizX'oXGaN<oB±miSL^nhimix*)m, 
-^yr-^rmmtrntmrni^tcTyB. 
mmmcomizmm^^ ^y-y:^ fj'^^-t h }Li.zm^xm 
*>>=5:0^v^. Si^tc. ^yr-{TmL<7immi^£^ 

[00 5 1] L*^L. *^Hfl^fflV^ntf. *^fr*>3i^ 

m<r>m^mm't^j^-yyrm)iLxmmL. ^rast 

[112] 



<r>^mm^ m.izw^-b> t^mmLx m.-{m^w<r)±wm 

X-yy y Vts:^±:£.\^9^i^x)\^^ x.^^^m-mz%h^ 
h-ti^X'^^, 
[0 0 5 2] 

[0053] lsaXF(l*«ii'-^r< .K*)^^v y ^(T/Mtii 
[^^ffi^^riJHB] 

[01] ( a ) ~ ( f ) \ii?m^<r>mm^m^:t.\fi^ 

[122 \m\ ( a ) ~ ( f ) {r^^L/il8jt:&^6S:3SfflL 

[03 ] 0 1 ( a ) ~ ( f ) \,z^\.tz^-nm^mm^ 

fcG a N glt#ife^«OitC?^fi£$iTJt L E DOBfffl« 

[^^-^OiMBJ] 

1 ^yr^TW^ 

5 ;l<>f h'® (•i'SJi) 



[03] 
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F:?-A(##) 5F041 AA40 CA04 CA05 CA34 CA40 
CA46 CA65 CA71 CA77 

5F045 AA04 AB14 AB17 AB18 AC08 
AC12 AC13 AC18 AC19 AD09 
AD12 AD14 AE29 AF03 AF04 
AF09 AFIO AFll BBll BB12 
CA02 CA07 CAIO CA12 CA13 
DA53 DA55 DQ08 EB15 GH08 
HA15 HA16 

5F073 AA74 CA07 CB02 CB05 CB07 
DA05 DA14 DA16 DA35 EA29 



